A theoretical analysis of low-frequency sonophoresis: dependence of transdermal transport pathways on frequency and energy density.
Application of low-frequency ultrasound has been shown to increase skin permeability, thereby facilitating delivery of macromolecules (low-frequency sonophoresis). In this study, we seek to determine the dependence of transport pathways during low-frequency sonophoresis on ultrasound parameters. Pig skin is exposed to low-frequency ultrasound over a range of frequencies to achieve different skin resistivities. The porous pathway model is used to study the dependence of average pore size, porosity, and tortuosity on ultrasound parameters. Imaging experiments are also carried out to visualize the transport pathways created by ultrasound. The data show that the average pore size, determined from the porous pathway model, does not depend on application frequency. Both in the presence and absence of ultrasound the average pore size determined from mannitol delivery is the same (28 +/- 12 A). With the application of ultrasound the skin porosity could be increased by up to 1700-fold. The effect of ultrasound on skin is heterogeneous thereby creating localized transport pathways (LTP). The porosity of these transport pathways is of the same order of magnitude as that of the dermis. With this study it is shown that low-frequency ultrasound increases skin permeability by increasing skin porosity rather than by increasing the size of the pores that are responsible for permeant delivery.